Abstract. To assess a car under the Euro New Car Assessment Program (Euro-NCAP), Adult Occupant Protection is one out of three parameters which need to be calculated with a weight factor of 50% while the other parameters, Child Occupant Protection and Pedestrian Occupant Protection, have a weight factor of 20%. The Pole Side Impact Test, beside two other tests, Side & Front Impact, is also required to calculate the Adult Occupant Protection. It shows how important the Pole Side Impact Test is and what an effective role it has in the car rating assessment. In this paper, the objective is to evaluate the effect of thickness on the energy absorbed by the side doors and the B pillar and its crashworthiness in a Pole Side Impact Test based on the Euro NCAP. In this matter, a vehicle model has been designed and prepared using CATIA and meshed using Hypermesh. Five thicknesses have been chosen including 0.6 mm, 1 mm, 1.2 mm, 1.4 mm and the original thickness of the side doors, 0.75 mm. The simulations have been repeated, using LS DYNA solver, assigning each of five thicknesses to the side doors and the B pillar of the vehicle. Initial conditions defined by the Euro NCAP, including velocity and directions, have been applied to the model. A total of 5 simulations have been conducted. The results showed that changing the thickness of the side doors and the B pillar does not necessarily have a direct influence on energy absorbed. The conclusion is that there are different proper thicknesses for each part which will result in optimized energy absorption.
Introduction
Computer and developed solvers, such as LS DYNA, make a researcher's ambitious dreams of studying the influences of variables on absorbed energy by a conceptual vehicle a reality. It was previously impossible because in reality, manufacturing and preparing a vehicle for a crash test is a long and expensive process. Selecting different thicknesses and assigning these thicknesses to each part of the vehicle body in the virtual world merely requires the cost of solver. Data validation can be done comparing the results with actual results of crash tests or mathematical modeling. The goal of this paper is to study the effect of the thickness on absorbed energy by side doors and B pillar and its crashworthiness in Pole Side Impact Test based on Euro New Car Assessment Program (Euro-NCAP).
Back-Ground Study. Related variables to vehicle design and affecting factors on pelvic and thoracic forces, in side impact test, have been identified [1] . Comparison between side impact and pole impact crashworthiness, using simulation method, has been carried out [2] . The sensitivity of the side structure of the vehicle to passenger car crashworthiness and the relationship between side intrusions and the side structure stiffness is analyzed [3] . It has been shown that studies on the National Highway Traffic Safety Administration's (NHTSA) frontal crash test results are reliable and there is no statistically significant differences between the results and driver fatality risk [4] . It has been shown that environmental characterizations as well as driver's have impacts on traffic [5] . A computer model and crash simulation of an manual wheelchair subjected to frontal impact has been developed and validated [6] . A novel material performance indices and a developed procedure to material selection for multi-material automotive bodies have been presented [7] . An application of an estimator and its usefulness for analyzing the crash severity has been demonstrated [8] . The effects of the material on crashworthiness of side doors and B pillar subjected to side impact test has been studied [9] . The crashworthiness of side doors and B pillar using simulation method subjected to Euro-NCAP side impact test has been determined [10] .
Material and Methods
As described in Euro-NCAP Pole Side Impact Test [11] , a rigid pole with a diameter of 254 mm and a vehicle model have been designed and meshed using CATIA and Hypermesh as shown in Fig. 1 . Initial velocity of 29 km/h has been assigned to the vehicle at an angle of 90° to the pole. 
Results and Discussions
Thicknesses as discussed above have been assigned to side doors and B pillar and five simulations have been conducted. Fig. 2 shows Side Pole Impact Test before collision in which the pole is rigid and static and the vehicle has a velocity of 29 km/h perpendicular to the pole. At the first moments of the impact test, while there was no contact between the vehicle and the pole, internal energy of the vehicle body is zero. Right after first contact, internal energy of the vehicle body increases as shown in Fig. Fig. 4, Fig. 5 and Fig. 6 . The maximum absorbed energy by B pillar belongs to thickness of 0.75 mm as shown in Fig. 4 . At the time of 0.09 s collision has ended and absorbed energy decreases due to spring back of the B pillar as shown in Fig. 4 .
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Automotive Engineering and Mobility Research The thickness of the rear door has no considerable effect on energy absorption as shown in Fig.  6 . This could be expected as rear door has no direct contact with the pole in Euro-NCAP pole impact test. Maximum absorbed energy by B pillar is less than 30 × 10 J while maximum absorbed energy by front door is 1.2 × 10 J and maximum absorbed energy by rear door is 0.12 × 10 J. At the first moments of pole impact test right before first contact, the kinetic energy of each part was at maximum. Therefore the thicker parts have more kinetic energy as shown in Fig. 7 . Right after the first contact the kinetic energy decreases, as it is converted to the internal energy of each Applied Mechanics and Materials Vol. 663part. At the time 0.09 s all kinetic energy has been converted and the amount of kinetic energy is zero as shown in Fig. 7 . As there is no kinetic energy after 0.09 s, there is no spring back in B pillar and front doors as shown in Fig. 7 and Fig. 8 . The maximum kinetic energy of B pillar and front door is less than 0.3 × 10 J, while maximum kinetic energy of rear door is less than 2.5 × 10 J. That is because of the individual mass of each part, while the velocity for all of them is the same. After 0.09 s, when the kinetic energy reduces to zero, it increases again for rear door as shown in Fig. 9 . That is because of the spring back of the rear door after collision. 
Conclusions
Based on the simulation conducted and the above mentioned graphs and data, the following can be concluded:
• B pillar with a thickness of 0.75mm absorbed 25 × 10 J of energy which is the largest among all other thicknesses for the B pillar.
• Front door with a thickness of 1.4mm absorbed 0.14 × 10 J of energy which is the largest amount of absorbed energy among other thicknesses for the front door.
• Thicker front door materials will absorb more energy in Euro-NCAP pole impact test.
• The thickness of the rear door has no considerable effect on energy absorption at all.
• The maximum energy absorbed by the rear door is 0.13 × 10 J for all various thicknesses.
